Abstract The purpose of this study was to develop a group fuzzy multi-criteria decision-making method to be applied in rating problems associated with water resources management. Thus, here Chen's group fuzzy TOPSIS method extended by a difference technique to handle uncertainties of applying a group decision making. Then, the extended group fuzzy TOPSIS method combined with a consistency check. In the presented method, initially linguistic judgments are being surveyed via a consistency checking process, and afterward these judgments are being used in the extended Chen's fuzzy TOPSIS method. Here, each expert's opinion is turned to accurate mathematical numbers and, then, to apply uncertainties, the opinions of group are turned to fuzzy numbers using three mathematical operators. The proposed method is applied to select the optimal strategy for the rural water supply of Nohoor village in north-eastern Iran, as a case study and illustrated example. Sensitivity analyses test over results and comparing results with project reality showed that proposed method offered good results for water resources projects.
Introduction
Generally, the problems related to water resources management consist of managing the water supply and consumption. Since these problems depend on different qualitative and quantitative criteria, an integrated decision is required, which is difficult. Selecting the optimal strategy for water supply in rural and urban areas is one of the most important issues in water supply management. One of the approaches applicable for solving these problems is using multi-criteria decision-making (MCDM) methods. To date, different MCDM methods have been presented, consisting: Compromise Programming (CP) (Charnes and Cooper 1961) ; Elimination Et Choice Translating Reality I (ELECTRE I) (Benayoun et al. 1966; Roy 1968) ; ELECBut traditionally these methods employ the mathematical classic numbers, which cannot appropriately cover the uncertainties. On the other hand, due to the complex nature of the problems associated with water resources management and its dependence on the qualitative parameters, some uncertainties are involved that can be treated by fuzzy logic. As a result, we have to combine MCDM methods with fuzzy logic to achieve so-called fuzzy MCDM methods. MCDM and fuzzy MCDM methods have been used in different water engineering disciplines (Table 1) .
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), first introduced by Hwang and Yoon (1981) , is known as one of the most important MCDM methods. TOPSIS is a technique to assess the performance of alternatives through the similarity with an ideal solution. According to this technique, the best alternative would be the one that is closest to the positive-ideal solution (PIS) and farthest from the negative-ideal solution (NIS). This method uses precise numbers in the rating of alternatives, causing limitations in dealing with uncertainties. To consider them, this technique is enhanced by combining it with fuzzy logic, which became known as the ''Fuzzy TOPSIS'' method.
An impressive variety of fuzzy TOPSIS methods and their applications have been developed in recent years. Lee and Wen (1997) Fuzzy GP Water quality management in the Tou-Chen River Basin, Taiwan Bender and Simonovic (2000) A fuzzy compromise approach and ELECTRE Water resource systems planning under uncertainty Prodanovic and Simonovic (2002) Fuzzy CP Evaluate discrete alternatives in the context of water resources decision making Simon et al. (2004) PROMETHEE and HDT Evaluation of water management strategies in the cities of Berlin and Potsdam, Germany Chen (2000) evaluated the rating of alternatives and the weight of criteria by linguistic judgments which were expressed in triangular fuzzy numbers (TFNs). A vertex method was proposed to determine the distance between two TFNs. According to the TOPSIS concept, a closeness coefficient was defined to determine the ranking order of all alternatives by calculating simultaneously the distance to both the fuzzy PIS (FPIS) and the fuzzy negative-ideal solution (FNIS). Triantaphyllou and Lin (1996) introduced a fuzzy TOPSIS method based on fuzzy arithmetic operations that would lead to a fuzzy relative closeness for each alternative. Wang and Chang (2007) developed an evaluation approach based on TOPSIS to help the Air Force Academy in Taiwan in choosing an optimal initial training aircraft in a fuzzy environment where the vagueness and subjectivity were handled with linguistic terms parameterized by TFNs. Wang and Lee (2007) extended TOPSIS in a fuzzy environment where two operators, Up and Low, were used to find the positiveand negative-ideal solutions instead of usual maximum and minimum operations, respectively. Kahraman et al. (2007) proposed a fuzzy hierarchical TOPSIS method for the multi-criteria assessment of the industrial robotic systems. Jahanshahloo et al. (2006) extended the TOPSIS method for decision-making problems with fuzzy data. They used a cut level concept for normalizing fuzzy numbers. Wang and Elhag (2006) developed a non-linear programming solution procedure using a fuzzy TOPSIS method based on a cut level concept. The preference of the method was evaluated using a risk assessment undertaken on a bridge. Fuzzy TOPSIS methods has been used for a variety of specific applications in decision-making problems, including: Selecting plant location, (Chu 2002) , robot selection, (Chu and Lin 2003) , service quality in hotel industry, (Benitez et al. 2007) , plant layout design, (Yang and Hung 2007) , transshipment site selection, (Onut and Soner 2008) , the evaluation of the competitive advantage of shopping websites, and selecting the most appropriate blast design (Sun and Lin 2009) .
In this study, using the Chen's group fuzzy TOPSIS method, (Chen 2000) , a group fuzzy TOPSIS method with a consistency check and a difference technique to handle uncertainties of applying a group decision making is presented. These are the main advantages over Chen's method and other group fuzzy TOPSIS methods. The proposed methodology is then applied to select the optimal strategy for rural water supply, as a case study.
In Sect. 2, the details of the method are presented. In Sect. 3, the real case study, the effective criteria and proposed strategy are described. Then the results for selecting the optimal strategy for water supply are given. The last section concludes the paper.
Method
The method used in this study is a group fuzzy TOPSIS with detailed explications of two proposed improvements, namely, a consistency analysis of experts' opinions and using a difference technique regarding to handle uncertainties of applying a group decision making to substantiate the advantages and differences over the Chen's group fuzzy TOPSIS method (see Chen 2000) . In fact, the method proposed in this study is an extension over the Chen's method. In this research, a questionnaire was employed to pool the real opinions of the experts by an iterative technique of questioning with a consistency analysis. General steps of the proposed approach can be summarized as in Fig. 1 and are described as follows:
Step 1. Form a committee for decision making. This committee involves experts and decision makers.
Step 2. The effective criteria in the decision-making process are determined by using a comprehensive literature review and the opinions of experts, then the potential alternatives are proposed based on the determined criteria.
Step 3. The experts' real opinions regarding the importance of the decision-making elements are pooled by employing a questionnaire with an iterative technique of questioning including a consistency analysis.
Step 4. Consistency check of experts' opinions, A comparison matrix is established based on each expert opinion for each decision element using Saaty's technique (Saaty, 1980) , Letting El 1 , El 2 , …, El n denote a set of decision elements, their comparison matrix is according to A ¼ ½x ij nÂn in which x ij ¼ 1; i; j ¼ 1; 2; . . .; n:; i ¼ j ð Þ and x ij ¼ k i =k j ; i; j ¼ 1; 2; . . .; n:; i 6 ¼ j ð Þ ; where x ij is a number of precise mathematics that expresses the relative importance (or the relative rating) of element i (k i ), then the relative importance (or the relative rating) of element j (k j ). k i and k j are obtained from the linguistic judgments inserted in the questionnaires by experts.
To convert the linguistic judgments into numbers of precise mathematics, a scale is used as Table 2 .
Determine whether the input data satisfies a ''consistency check''. If it does not, go back to step 3 and redo the comparisons. For an n 9 n square matrix, an index represented by the II is defined as follows:
where k max is the biggest eigenvalue of an n 9 n square matrix. The value of the II is calculated by random numbers, which are called RII. Table 3 shows the values of the RII for (1-10) dimensional matrices (Saaty 1980) . For each n 9 n square matrix, the result of II divided by RII is called IR:
The closer the IR is to zero, the more consistent is the result. If IR is more than 0.1, the decision should be reviewed.
Step 5. Applying group fuzzy TOPSIS approach, the decision maker's opinions are aggregated and fuzzy decision matrixD ¼ã ij Â Ã mÂn is established. whereã ij is a TFN that indicates the performance of the alternative i with respect to criterion j. The values ofã ij are calculated as shown in Eqs. 3-6 (see Fig. 2 ). This manner of formationã ij is different from the other ones used in fuzzy TOPSIS methods (for comparison see Chen 2000) .
where a ij b ij c ij , k ijk indicates the importance of alternative i with respect to criterion j based on the opinion of expert k; i is the number of alternatives, j the number of criteria; and k is the number of experts involved in the decision making. The decision makers' opinions about the importance weight of criteria are aggregated and the criteria weighted matrix is obtained as follows:
wherew j is the aggregated fuzzy weight of criterion j, and it is a TFN as follows: 
Very Good (VG) Very High (VH) 9 Fig. 2 The triangular fuzzy membership function used in this study wherew j is a TFN that expresses the importance weight of the criterion j. The d jk indicates the importance weight of criterion j based on the opinion of expert k. The normalized fuzzy decision matrixR ¼ ½r ij mÂn with i = 1,…,m, and j = 1,…,n arrived at as follows, (Chen 2000) :
where B and C are the set of benefit criteria (?) and cost criteria (-), respectively. The normalized weighted fuzzy decision matrixṼ ¼ ½ṽ ij mÂn is then obtained as:
The fuzzy positive ideal solution (FPIS, A*) indicates the most preferable alternative, and the negative ideal solution (FNIS, A -) indicates the least preferable alternative, so they are determined as follows:
The distance of each alternative from FPIS (S 
The closeness coefficient of each alternative (C i ) is calculated as follows:
The overall ranking of alternatives is obtained using the closeness coefficient. Each alternative with the higher closeness coefficient has the higher priority.
Case study
An aim of this study is selecting an optimal strategy to supply the drinking water and the water needed for agriculture and livestock in Nohoor village, located in northeastern Iran, 90 km south of Khaf city in Khorasan Razavi province and is at a distance of 130 km north-east of Ghaen, one of the cities of South Khorasan province (actually on the border of these two towns but a part of Khaf county; see Fig. 3 ).
The main occupation of the village inhabitants is animal husbandry and they play a major role in meat and dairy production of Khorasan Razavi Province. Although there are fertile lands, agriculture is not flourishing because of water shortage, but it can be revived if enough water could be supplied. It is a hot and dry place located near desert, having 3 month of sand storms (called 120 days of winds). Precipitations are limited to winter and spring (which is really limited). It is mostly small and leads to the recreation of pastures in spring; however, dams would not be filled. In spring, people immigrate to the higher places nearby village to find grazing lands where water supplements are important to find. Grazing lands are located in a circular area with radiation of 13 km around the village which is fertile. Note that grazing lands are fertile considering small precipitations, which includes enduring plants and fertile soil, and also optimal and planed usage of the lands.
Geometrically, this village shares a boundary with Afghanistan country and villagers are loyal to Iran government. Therefore, it is important to maintain and reform policy and security of the village.
In the past, the water demands have been met by a spring named Nohoor, located at a distance of 2 km south of the village. Today, this spring is almost dry and its volume of water is limited. Considering all said, it is a very important issue for local authorities to solve the problem of village water supply. Due to the shortage of rain, the large evaporation rate and the lack of appropriate watershed, constructing a dam is not an appropriate way to supply water to this village. In addition, because of low quantity and quality of underground water supplies in this area, well digging is not a proper way out, either. As a result, the only solution is to transfer water from underground water resources of adjacent villages through a pipeline or tankers. Appl Water Sci (2015) 5:291-304 295 Alternatives (strategies)
As it was said, the only way to supply the water of the village is to transfer water from nearby villages. Therefore, based on investigations, four strategies to supply drinking and agricultural water for this village are proposed. Figure 3 shows the proposed paths (which are shown by blue line and letters, A, B, C, and D). These strategies are as follows:
A. Water supplied through pipeline via path A: In this strategy, water is extracted from underground water resources near Chahpayab village (a village belonging to Haji Abad county), by a well and is transferred by pipelines. Given the area's topography, it is difficult to transfer water from this resource by tankers. The obvious advantageous characteristic of this strategy is that the ground slopes toward the Nohoor village from the water resource, which facilitates the transfer of water and decreases the costs of pumping and thereby ensuring pressure in the pipeline. As a result, the probability of pipe failure and water supply cuts is reduced. But it is anticipated that the damage to the transmission system due to the existence of many rivers along the path as well as the probability of seasonal floods would be too high. On the other hand, the distance of transmission is also too long. The opportunity for using the water along the transmission line and profit making for villagers would be quite rife. B. Water supplied via pipeline path B: In this strategy, water is transferred from the water distribution network of Chahzool village through a pipeline. The main water resource in this strategy is the underground water resources around Mazhnabad village, previously transferred to the Chahzool by a pipeline, in fact, a continuation of the formerly established system. The clear drawback of this strategy is that the ground slopes from the end toward the source at a steep angle. But the transmission distance of water is neither long nor difficult. It is predicted that water supply cuts and the damages to the water facilities would be mostly due to the steepness of the ground. On the other hand, because the water transmission line from Mazhnabad (the main water resource) to the Chahzool village was established to meet the demands only of this village in the past, adding the pipeline of Nohoor village to the end of this pipeline would result in the loss of water pressure and hamper the delivery of water to both villages. C. Transferring water from path B by tankers and storing it in reservoirs located in the village: In this strategy, the water of Chahzool village network is stored in a reservoir (constructed from concrete). Then, it is transferred to Nohoor village by a tanker Fig. 3 The location of the Nohoor village and the proposed alternatives and stored in a pool. The main water supply resource in this strategy is similar to that in the second strategy. The significant characteristic of this strategy is its comparably low initial cost. But, this system does not have the capacity to meet all the demands and in an inappropriate weather condition the risk of water shortage in the village increases. Therefore, in the present strategy, the water security for the inhabitants is low. D. Transferring water by pipeline using path C: In this strategy water is provided from underground water resources near Mazhnabad village from a well and transferred by pipeline. The significant characteristic of this strategy is that the ground slopes from the source to the end, as is the case between the first and second strategies but the distance is greater than in the former. Although the source of water supply is the same, the water security of this strategy is higher than of the second and third strategies. This is due to the direct connection to the main resource. In the second and third strategies, water is first transferred to the Chahzool village and then to the Nohoor village. Therefore, the level of water consumption at Chahzool village would have a strong influence on the loss of pressure and water cuts in the future. In this strategy, the feasibility of using water along the line and also the prospects of profit making are somehow beneficial for the villagers.
Criteria
The most effective criteria in this process are determined using a comprehensive literature review and relying on experts' opinions. Selected criteria are discussed here: Initial cost (C 1 ): This includes expenses due to the procurement of pipeline, pumping stations, tanker, as well the expenses of salaries and wages, and energy supply costs; in general, the initial cost contains all the costs needed for initial launching of the project.
Maintenance cost (C 2 ): This includes the expenses due to the possible failure of the pipeline, pumping stations and other facilities in the future in addition to the costs of maintaining the tanker. For instance, the maintenance costs of the second strategy are expected to be high due to the high slope of the ground. In view of the number of the pumping stations needed, the costs of energy and maintenance would be higher. Furthermore, due to the slope, and the water pressure, the water hammer in the pipeline causes damage to the facilities resulting in higher maintenance costs.
Water quality (C 3 ): The quality of water is important for different uses such as drinking, agriculture and animal husbandry.
Environmental destruction (C 4 ): Given the fact that the main occupation of the villagers is herding and therefore using the grassland and natural resources, while it is necessary to dig canals and construct roads to execute pipelines, the resulting damages to the grassland vegetation is generally very important from an environmental point of view. On the other hand, the continuous movement of livestock between the grassland and their water resource causes further damage to the environment. Therefore, water should be transferred by a path that reduces the movement of livestock around the grassland.
Water security and satisfaction of inhabitants (C 5 ): In general, this area of Iran is located in a warm and dry area at a desert margin. Consequently it faces a shortage of surface and underground water resources. On the other hand, Nohoor village has an important role in the local meat and dairy industries and it has a politically strategic location close to the border of Afghanistan country. In this situation, preventing the migration of inhabitants is important from a politico-economic point of view. Consequently, in efforts to prevent migration, water security and customer satisfaction is instrumental which means that their water demands should be met by a suitable resource to minimize water cuts caused by shortage of resources and damaged systems.
The impact on water security of the inhabitants living close to the water resource (C 6 ): Due to the shortage of water resources in this part of Iran, supplying water to Nohoor from, resources available in neighboring villages even in a low quantity would have a significant impact on the water security of the inhabitants in these villages. As a result, it should be supplied from a source that would have a minimum negative effect on the villagers.
Using water along the transmission line and the level of profits thus generated (C 7 ): The main occupation of the villagers is livestock breeding and the major part of the landscape close to this village consists of seasonal grasslands where sheep graze. Therefore, the herd has to travel a long way to return to the village to drink. This traveling distance influences the rate of breeding and increases the risk of damage to the grassland. The path of the water transfer system is important in supplying water for livestock at different parts of the grassland without returning to the village. This will have a positive effect on the village economy.
Applying the proposed method At this stage, the proposed method was applied to select the optimal strategy. First, to determine the importance weight of the criteria and to rate the strategies using the proposed method, a questionnaire was designed according to Table 4 ; and the four experts (E 1 , E 2 , E 3 and E 4 ) involved in the Nohoor project were asked to express the importance weight of each criterion and the rating of alternatives in regard to each criterion using linguistic variables inserted in the questionnaire. Then, a consistency check was applied. Where they did not correlate, the opinions were sent back to the experts. This process was repeated until the consistency check became acceptable. Table 5 shows the opinions of experts on the importance weight of the criteria and Table 6 shows the opinions of the experts on the rating of the alternatives with respect to each criterion in the final repetition.
For example, the calculations of the consistency check for the alternatives with respect to C 1 are performed as follows:
1. The opinions of experts to determine the rating of the alternatives with respect to C 1 in the final repetition are collected according to the first row in Table 6 . 2. The expert opinions are converted into precise numbers using Table 2 , and the results are presented in Table 7 . 3. The comparison matrices of the alternatives with respect to C 1 , based on each expert's opinion, are established according to Table 8 .
The RI values for these matrices are calculated using Eq. 2 and the results are presented at the bottom of Table 8a-d. As can be observed, the values of the RI are \0.1, thus, these matrices are consistent, and the judgments about the alternatives with respect to C 1 are acceptable. Similar calculations were made to obtain the comparison matrices of the criteria (using opinions inserted in Table 5 ), the comparison matrices of the alternatives with respect to the other criteria (using opinions inserted in Table 6 ) and their RI values.
In the next stage, the fuzzy decision matrix was calculated using Eqs. 3-6, the resulting matrix is shown in Table 9 . The criteria weighted matrix was constructed by Eqs. 7-11, according to Table 10 .
The fuzzy decision matrix was normalized using Eqs. 12 and 13. The resulting matrix is shown in Table 11 .
Using the Eqs. 14 and 15, the normalized weighted fuzzy decision matrix is calculated and the result is presented in Table 12. FPIS and FNIS were determined as follows (see Eqs. 16-19):
A* = {(21.00, 21.00, 21.00), (15.00, 15.00, 15.00), (9.00, 9.00, 9.00), (21.00, 21.00, 21.00), (9.00, 9.00, 9.00), (21.00, 21.00, 21.00), (7.00, 7.00, 7.00)}.
A -= {(3.00, 3.00, 3.00), (6.43, 6.43, 6.43), (0.78, 0.78, 0.78), (0.43, 0.43, 0.43), (0.78, 0.78, 0.78) , (2.14, 2.14, 2.14), (0.56, 0.56, 0.56)}.
The distance of each alternative from FPIS and FNIS was calculated as (see Eqs. 20-23): Table 5 The importance weight of the criteria
Criterion Expert
For example:
The results are shown in Tables 13 and 14 . Consequently, the closeness coefficient of each alternative can be calculated using Eq. 24, as shown below: The closeness coefficients clearly show the rating of the strategies. Based on these values, the four proposed strategies were ranked A, D, C and B, respectively. This means that, strategy A is the optimal alternative for the water supply to Nohoor village. This problem is resolved by the Chen's group fuzzy TOPSIS method (Chen, 2000) . It is essential to note that for solving the problem by Chen's method, a fuzzy scale should be used. Therefore, a fuzzy scale, similar to the one Table 6 The rating of the alternatives by experts based on each criterion
Criterion
Alternative Expert Table 7 The rating of the alternatives with respect to C 1 used in the proposed method (see Table 2 ) is applied as in Table 15 . The results (The values of the C i ) of the Chen's method in comparison with the one proposed in this study are shown in Table 16 . As can be observed, the rating of the alternatives obtained from the proposed method is similar to the results obtained from the Chen's method.
Sensitivity analysis
To test the ranking sensitivity of the alternatives, an extended sensitivity analysis was done based on the criterion importance and then performances of the Chen's fuzzy TOPSIS method and the presented methods were being compared with each other. During one of these tests, the influence of the importance of each criterion was surveyed by one level decrement of the importance of that criterion.
If the importance of criterion C 1 , C 2 , C 4 decreases and the influence of each of them is tested separately, the ranking of options does not change based on none of the two methods.
If the importance of criterion C 3 decreases as much as one level, ranking of the options both based on Chen's method and the presented method will be pursuant to Fig. 4 .
As it is observed, according to Chen's method, ranking of alternatives A, B and D does not change, but the ranking of alternative C will equal option D (the 2nd rank). However, based on the presented method, only the ranking of alternative B remains unchanged, and the ranks of other alternatives change, somehow that option D replaces alternative A and gains the 1st rank.
If the importance of criterion C 5 decreases as much as one level, the rank of alternatives A and B does not change according to Chen's method. However, alternative C replaces in the situation of alternative D (Fig. 5) , but according to the presented method just the rank of alternative B remains unchanged (Fig. 5) .
If the importance of criterion C 6 decreases as much as one level, ranking change of the alternatives will be pursuant to Fig. 6 . Based on Chen's method, only rank of alternative C changes and rank of other options remains unchanged. However, according to the presented method, rank of all options-except than option B-changes. Alternative D replaces alternative A in the 1st rank and alternative D rises from 3rd rank to the 2nd. C 7 (?) (9.00, 9.00, 9.00) (5.00, 5.44, 7.00) (1.00, 1.73, 3.00) (7.00, 7.94, 9.00) Table 10 Criteria weighted matrix Criterion Weight C 1 (7.00, 7.00, 7.00) C 2 (9.00, 9.00, 9.00) C 3 (7.00, 7.94, 9.00) C 4 (1.00, 3.20, 7.00)
C 5 (7.00, 7.94, 9.00) C 6 (5.00, 6.44, 7.00)
C 7 (5.00, 5.92, 7.00) If the importance of criterion C 7 decreases as much as one level, then according to Fig. 7 and based on Chen's method, ranks of options A and B do not change but ranks of options C and D are being replaced with each other. However, based on the presented method, option C replaces option A in the 1st rank and ranks of other options remain unchanged.
Other sensitivity tests also were implemented according to the importance of criteria. Based on all these tests and the way it is observed in Figs. 3, 4, 5 and 6, the sensitivity of the alternatives to the importance of criteria is more in the presented method rather than in Chen's method. In fact, influence of the importance of criteria on ranking of the options is more intense in the presented method. According to Figs. 4, 5, 6 and 7 and other implemented tests, in Chen's method, changing the importance of criteria does not have influence on the rank of alternatives A and B and Good (G) (0.5, 0.7, 0.9) High (H) (5, 7, 9)
Very Good (VG) (0.7, 0.9, 0.9) Very High (VH) (7, 9, 9) alternative A is always in the 1st rank, as alternative B is always in the last rank (4th rank). But in the presented method, alternatives ranking always change with changing the importance level of criteria, and in each test, the alternative occupying 1st rank is different. After local survey and group discussion on options' ranks in each test, it was shown that the presented method has a better function in introducing the alternative with 1st rank (the selected alternative) as well as ranking other alternatives.
Discussion
Chen's method (Chen 2000) is one of the most functional methods for multi-criteria problems, but studying the method on the case study in this research, there are two main discussions: (1) there are many beneficiaries in decisionmaking situations including water supplement management. Therefore, ideas should be in accordance to make best decisions, and it is needed in Chen's method, as presented in this paper. (2) Using sensitivity test and comparing the results with real project by working experts showed that, changing weight criteria, Chen's method presented unexpected priorities and less sensitive to the criteria in some cases where local studies showed more needed sensitivity. In Chen's method, experts' opinions first turn to triangle fuzzy numbers and, then, three mathematical operators (maximum, minimum and arithmetic mean), combine the opinions and decision-making matrix is introduced. But, in the proposed method, each expert's opinion is turned to accurate mathematical numbers and, then, to apply uncertainties, the opinions of group are turned to fuzzy numbers using three mathematical operators (maximum, minimum and geometric mean). Using sensitivity test and local studies, it was concluded that adding these expansions to Chen's method leads to more acceptable results.
Conclusions
Present study aimed to develop Chen's fuzzy TOPSIS method and choose the best strategy to transfer water supplement in Nohoor village, Iran. Results and local studies showed that in comparison with other methods, presented method in this study offered more practical and more acceptable results in such cases, and it is easier to calculate. In group decision making, it is necessary to control and analyze opinions to make the best decision, as the result a technique called compatibility study is added to Chen's method, which results in priority of proposed method in comparison with Chen's method. It helps to make the opinions more compatible in projects like water resources, which includes many beneficiaries. Turning group opinions to fuzzy numbers and creating decision matrix leads to higher sensitivity to changes of criteria weight in comparison with Chen's method which is expected according to local studies. Of course, it is better to compare the functions of these two methods in other topics, too. Present study, also, included effective criteria to choose water transfer route to an immigrant village (Nohoor village, Iran) which was analyzed by proposed method. As the result, alternative A was selected as the most practical among others (alternatives A, B, C and D) to transfer water to the village. Local studies showed that proposed method was a proper method for compatibility of the opinions and group decision making in multi-criteria problems like water resources. It is suggested to compare this method and some other MCDM methods in future and, also, apply and investigate the techniques used this study in other methods.
